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Abstract
Inter-pregnancy interval is an important determinant of both maternal and child health. Sub-
optimal inter-pregnancy interval has been associated with adverse maternal outcomes
-including postpartum hemorrhage and hypertensive disorders, direct causes of maternal
mortality. Both overall maternal mortality and the contribution of postpartum hemorrhage on
maternal mortality have increased in Tanzania. If we are to achieve sustainable development
goal (SDG) number 3.1 to reduce the global maternal mortality ration to less than 70 per
100,000 live births by 2030, it is highly important that such contributors are dealt with. This
study aimed to determine the distribution and trends of inter-pregnancy interval and to
deduce its association with adverse maternal outcomes among women who delivered at Kili-
manjaro Christian Medical Centre (2000–2015).A retrospective cohort study was designed
using Kilimanjaro Christian Medical Centre medical birth registry data for women who deliv-
ered from 2000 to 2015. Women with at least two births recorded in the registry were
included. A total of 7,995 births from 6,612 mothers were analyzed. Anemia during preg-
nancy, post-partum hemorrhage and pre-eclampsia were adverse maternal outcomes of
interest. Data analysis was performed using multivariable logistic regression models allowing
for robust standard errors. Crude and adjusted odds ratio with their respective 95% confi-
dence intervals were estimated. More than half (51.7%) of non-first births were born within
sub-optimal IPI. The median IPI was 34 months (IQR: 33.5 months). The median IPI
increased from 11 months in 2002 to 35 months in 2006 and plateaued until 2014, but it rose
to 41.6 months in 2015. Median IPI was shorter in young women <20 years and in birth order
seven and above (16 vs. 27 months, respectively). Short IPI was associated with lower risk
of pre-eclampsia [aOR: 0.71, 95%CI: 0.52, 0.97] while long IPI was associated with lower risk
of post-partum hemorrhage [aOR: 0.70, 95%CI: 0.52, 0.94]. This study found an association
between long and short IPI with adverse maternal outcomes. Even though these results
should be interpreted with caution based on the fact that the data was sampled from a referral
hospital and hence there could be overrepresentation of women with maternal complications,
PLOS ONE | https://doi.org/10.1371/journal.pone.0228330 February 6, 2020 1 / 15
a1111111111
a1111111111
a1111111111
a1111111111
a1111111111
OPEN ACCESS
Citation: Sanga LA, Mtuy T, Philemon RN,
Mahande MJ (2020) Inter-pregnancy interval and
associated adverse maternal outcomes among
women who delivered at Kilimanjaro Christian
Medical Centre in Tanzania, 2000-2015. PLoS ONE
15(2): e0228330. https://doi.org/10.1371/journal.
pone.0228330
Editor: Joshua Amo-Adjei, University of Cape
Coast, GHANA
Received: May 3, 2019
Accepted: January 13, 2020
Published: February 6, 2020
Copyright: © 2020 Sanga et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Data Availability Statement: The data from this
study is can not be shared publicly because it
contains personal identifiers and sensitive data on
women’s reproduction. This data was obtained
from Kilimanjaro Christian Medical Centre who is
the sole owner of the Medical Birth Registry and
has imposed data protection policy on the
database. It therefore has legal and ethical
restrictions on sharing. However, data are available
upon request from the Kilimanjaro Christian
Medical Centre Institutional Data access committee
our findings still warrant the importance of supporting modern family planning methods as a
measure to improve IPI and thereby improve maternal outcomes as well.
Introduction
Inter-pregnancy interval (IPI) is the time lapse between termination of one pregnancy and
conception of a subsequent one[1]. Optimal IPI can ensure optimal health for both mother
and infant [2] whereas sub-optimal IPI has been associated with several maternal morbidities
and mortality [3–10]. World Health Organization (WHO) recommends an interval of at least
24 months between a live birth and the next pregnancy [1] while others have argued that IPI of
3–5 years further reduces the risk for adverse maternal outcomes [11]. Different theories—par-
ticularly maternal depletion theory and physiological regression theory—link inter-pregnancy
interval with adverse maternal outcomes [3,12].
Hemorrhage and hypertensive disorders are among maternal morbidities associated with IPI
(Fig 1). They are among direct causes of maternal deaths and account for approximately half of
the maternal deaths globally [13–15]. Approximately 800 women die every day globally due to
pregnancy and childbirth related complications [14] with the global maternal mortality ratio
(MMR) being 211 per 100,000 live births[16]. Most (99%) of these deaths occur in low income
countries, with majority (66%) from Sub-Saharan Africa, including Tanzania [14,17]. It is esti-
mated that 20–35% of maternal deaths can be prevented by adhering to recommended IPI [18].
Maternal mortality and morbidity can be averted by dealing with preventable factors that
cause them. Despite several interventions[19–22], maternal mortality has risen from 432 in
2012 to 524 per 100,000 live births in 2017 in Tanzania[16]. The country failed to reach the
Millennium Development Goal (MDG) number 5 target for improved maternal health and the
trend is not promising to enhance achievement of Sustainable Development Goal number 3 to
reduce maternal mortality ratio to less than 70 per 100,000 live births by 2030 [20,23,24]. Fur-
thermore, the proportion of maternal deaths attributed to hemorrhage has increased from
15% in 2010 to 18% in 2015 and there has been no improvement in proportion of deaths
caused by hypertensive disorders from 2006 to 2015 [19,25].
Several factors have been reported to influence IPI [26–30], but of ultimate importance is
modern contraceptive use[30]. However, utilization of modern contraceptives in Tanzania is
still low and the proportion of births born within short IPI has increased by 3% in the past
decade [19,25].
Non-adherence to optimal IPI could be one of the drivers increasing MMR in Tanzania
since it is associated with direct causes of maternal mortality. However, in our settings, little is
known about the role of IPI on adverse maternal outcomes. Understanding the association
between IPI and adverse maternal outcomes may help to provide important information
needed to help design evidence-based interventions to reduce its impact, and hence accelerate
the achievement of SDG3 by 2030. This study aimed to determine the distribution, trend and
patterns of IPI among women who delivered at Kilimanjaro Christian Medical Centre in
northern Tanzania between 2005 and 2015. The study also assessed the association between
IPI and adverse maternal outcomes.
Materials and methods
Study setting
This study was conducted at the Department of Obstetrics and Gynecology of Kilimanjaro
Christian Medical Centre (KCMC). KCMC is a consultant and university teaching hospital
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located in Moshi urban district, Kilimanjaro region in northern Tanzania. It is one of the four
zonal hospitals in Tanzania which serves over 15 million people, including the local commu-
nity and referred cases from six regions in Tanzania. Pregnant high-risk women are referred
to KCMC for observation and delivery while women from the local community may come to
deliver on their own accord. The main catchment area of KCMC hospital is Kilimanjaro
region.
Design, sample and sampling
This study used secondary data from a cohort of women who delivered at KCMC from 2000 to
2015. Women were followed retrospectively through their medical records. We restricted our
analysis to two or more deliveries from the same mother, delivered at KCMC during the study
period. Women who did not have consecutive deliveries during the study time were excluded.
A total of 19,000 deliveries were recorded during the study period. Of these, 7,995 births from
6,612 mothers were eligible for the study.
Data collection
Data were extracted from the medical birth registry at KCMC. The medical birth registry rec-
ords information for all mothers who deliver in the Obstetrics and Gynecology Department at
KCMC within 24 hours after delivery or as soon as mothers have recovered in case of compli-
cated deliveries. Information was collected on a daily basis by a trained nurse/midwife includ-
ing, but not limited to, maternal and paternal socio-demographics, mother’s reproductive
history and conditions and complications of the mother before, during and after pregnancy/
delivery and puerperium. In the interview, women also provided information about births
Fig 1. Directed acyclic diagram showing relationship between inter-pregnancy interval and adverse maternal outcomes.
https://doi.org/10.1371/journal.pone.0228330.g001
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delivered outside KCMC during the study period. However, information on miscarriages and
abortions, whether they happened at KCMC or elsewhere, were not captured in the birth regis-
try. Each woman and her pregnancy outcome were given a unique identifier which was used
to link deliveries to a specific mother. Data were entered in a computerized system of the birth
registry.
Data analysis
Data analysis was performed using STATA version 13.1 statistical software (StatCorp, College
Station, TX).
The study looked at three adverse maternal outcomes; post-partum hemorrhage (PPH),
pre-eclampsia and anemia. PPH was considered if a woman lost�500mls of blood after vagi-
nal delivery or�1000mls of blood after caesarean delivery [1]. Blood loss was visually esti-
mated by a nurse midwife after vaginal delivery and by the doctor performing the surgery in
caesarean delivery. A woman was considered to have anemia if at any point in her pregnancy
she had measured (by any validated method) Hemoglobin level below 8.5 grams per deciliter
(8.5g/dl). Pre-eclampsia was defined as a disorder characterized by development of hyperten-
sion 140/90 mm Hg or more with proteinuria after the 20th week of gestation in a previously
normotensive and non-proteinuric woman[1].
Inter-pregnancy interval (IPI) was the main exposure for these outcomes and it was com-
puted as follows:
IPI ðdaysÞ ¼ ½D:O:B of index child  D:O:B of preceding child�  Gestation age at birth of index child
IPI was categorized into<24 months (short IPI), 24–59 (reference group/optimal IPI) and
60+ months (long IPI). Mother’s age, education level, occupation, religion, marital status,
tribe, current residence, pregnancy type, family planning use, alcohol use, anemia in previous
pregnancy, PPH in previous pregnancy, pre-eclampsia in previous pregnancy, referral status,
delivery mode, parity, any ANC visit, number of ANC visits and death of a preceding child
were considered as confounders.
Since children are clustered within a mother, hierarchy of data was considered but there
was no effect of clustering on the outcomes. In the univariate and multivariable analysis, logis-
tic regression with robust standard errors was used to assess the association between IPI and
each of the selected adverse maternal outcomes. Confounding was established if a variable
changed the Odds Ratios for the effect of IPI on any adverse maternal outcome by 10% or
more. To determine if there was a dose-response relationship between IPI and adverse mater-
nal outcomes, Generalized Additive Models were used. However, all three maternal outcomes
were deemed to have a linear association with IPI. While analyzing trends of IPI over the
years, the years 2000 and 2001 were excluded from the analysis due to few numbers of subjects.
Significance was considered at 5% level.
Ethical considerations
For practical reasons, since the interview was administered just after the woman had given
birth, consent was given orally. The midwife nurse gave every woman oral information about
the birth registry, the data needed to be collected from them and the use of the data for
research purposes. Then informed consent was sought verbally from every woman. Following
the consent, the woman could still opt not to reply to individual questions. Inclusion of the
orally conducted interview in the database was conditional on informed consent which was
followed as far as the orally conducted interview was concerned. All consent procedures were
approved by the Kilimanjaro Christian Medical Centre ethical committee.
Inter-pregnancy interval and adverse maternal outcomes
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Ethical clearance for the establishment of Medical Birth registry was granted from Ethics
Committee at Kilimanjaro Christian Medical Centre, approved by Tanzania’s Ministry of
Health and National Ethics Committee in Norway. Approval to carry out this study was
obtained from Tumaini University Makumira through Kilimanjaro Christian Medical Univer-
sity College Research and Ethical Committee.
Results
Socio-demographic and pregnancy characteristics of study participants at
baseline delivery
The mean mother’s age of all women in the sample was 30.5 (SD: 5.3 years) with most women
aged between 20–34 years. The majority of women were employed, married and living in
urban areas (Table 1). Most of them used modern family planning and attended four or more
ANC visits. A lower proportion (2.8%) of women with long IPI had PPH in preceding preg-
nancy while a higher proportion of women with short IPI had pre-eclampsia (4.9%) and had
experienced perinatal death in their preceding birth (11.2%) (Table 2).
Characteristics of women who had adverse maternal outcomes
Of all pregnancies studied, a total of 309 (3.9%) experienced PPH, 80 (1.0%) experienced anae-
mia and 270 (3.4%) experienced Pre-eclampsia. Distribution of proportion of these outcomes
by inter-pregnancy interval is explained in Table 3. A total of 692 (10.5%) women experienced
one of the adverse maternal outcomes in at least one of their subsequent deliveries. PPH was
the most frequent adverse outcome (53%) among women who had adverse maternal out-
comes. A few (12%) of these women had anemia and 39% had pre-eclampsia.
More than half of all women in the sample had IPI of 24–59 months (51.1%), were aged 20-
34years (65.9%) and were married (97%) (Table 4).
Across all adverse outcomes, most women delivered by caesarean section. Higher propor-
tion (14.1%) of women who had pre-eclampsia had experienced perinatal death in the preced-
ing child compared to those who had anemia (3.8%) and PPH (8.4%)(Table 5).
Distribution and trends of IPI across birth orders
About half of the women had sub-optimal IPI (short = 32.9%; long = 18.8%) with the median
IPI 34months (IQR: 33.4months). The median IPI improved from 11 months in 2002 to 34.8
months in 2006 and remained stable up to 2014. In 2015, it raised to 41.6 months (Fig 2).
There was no difference in median IPI in the 2nd to 3rd birth order to that in 4th to 6th birth
order (median IPI = 33.6 and 35 months, respectively). In higher birth orders (7 and above),
median IPI was shorter (26.6 months) compared to lower birth orders (Fig 3).
The median IPI was longer in older women aged 35 and above (median IPI = 32.3 months)
and shorter in younger women<20 years (median IPI = 15.7months) (Fig 4).
Association between IPI and adverse maternal outcomes
In the univariate analysis, long IPI was significantly associated with anemia at 5% level while
there was no significant association between long IPI and pre-eclampsia or PPH. Short IPI was
not significantly associated with any of the adverse maternal outcomes at 5% level. Parity,
delivery mode and pregnancy type were associated with all of the three adverse maternal out-
comes in univariate analysis (Table 6). After adjusting for other variables, short IPI was signifi-
cantly associated with lower risk of pre-eclampsia while long IPI was significantly associated
with lower risk of PPH at 5% level. Women with short IPI had 29% lower odds of having pre-
Inter-pregnancy interval and adverse maternal outcomes
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eclampsia as compared to those with optimal IPI [aOR: 0.71, 95%CI: 0.52, 0.97]. On the other
hand, women with long IPI had 30% lower odds for post-partum hemorrhage [aOR: 0.70, 95%
CI: 0.52, 0.94] compared to those with optimal IPI (Table 7).
Discussion
This study found that about half of the women at KCMC do not adhere to WHO recommen-
dation on IPI. The median IPI increased yearly from 2002 to 2006, and then it plateaued and
rose again in 2015.
We also noted that, IPI was shorter in younger women (<20 years) compared to older
women and shorter in higher birth orders (seven and above) compared to lower birth orders.
Our results suggest that women with short IPI are at lower risk of pre-eclampsia and those
with long IPI are at lower risk of PPH. This implies sub-optimal IPI is protective for these
adverse maternal outcomes. Lower risk of pre-eclampsia in short IPI was however incongruent
Table 1. Socio-demographic characteristics of women by inter-pregnancy interval at baseline (N = 6,612).
Inter-pregnancy interval (months)
<24 N = 2,174 24–59 N = 3,193 60+ N = 1,245
Variable n % n % n %
Age categories
�19 51 2.3 11 0.3 3 0.2
20–34 1,853 85.2 2,581 80.8 801 64.3
�35 268 12.3 596 18.7 441 35.4
Missing 2 0.1 5 0.2 - -
Mother’s education
No formal education 28 1.3 29 0.9 13 1.0
Primary 1,075 49.4 1,750 54.8 720 57.8
Secondary and above 1,068 49.1 1,409 44.1 512 41.1
Missing 3 0.1 5 0.2 - -
Mother’s occupation
Employed 1,528 70.3 2,370 74.2 1,010 81.1
Unemployed 636 29.3 814 25.5 235 18.9
Missing 10 0.5 9 0.3 - -
Religion
Catholic 911 41.9 1,243 38.9 521 41.8
Protestant 852 39.2 1,314 41.2 491 39.4
Muslim 398 18.3 621 19.4 229 18.4
Others 7 0.3 11 0.3 2 0.2
Missing 6 0.3 4 0.1 2 0.2
Marital status
Married 2,094 96.3 3,098 97.0 1,182 94.9
Single 72 3.3 83 2.6 63 5.1
Missing 8 0.4 12 0.4 - -
Mother’s current residence
Rural 764 35.1 1,055 33 366 29.4
Urban 1,301 59.8 2,018 63.2 827 66.4
Semi urban 107 4.9 119 3.7 52 4.2
Missing 2 0.1 1 <0.01 - -
Modern family planning include: pills, injections, implants and intra-uterine devices
https://doi.org/10.1371/journal.pone.0228330.t001
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with a study done in Latin America and The Caribbean[6], a difference which could probably
be due to methodological differences. Conde-Agudelo’s [6] methodology ignored dependency
which could have caused underestimation of standard errors, leading to smaller p-values and
wrong inferences. In this study, data dependency was taken into consideration using robust
Table 2. Health-related characteristics of women by inter-pregnancy interval at baseline birth (N = 6,612).
Inter-pregnancy interval (Months)
<24 N = 2,174 24–59 N = 3,193 60+ N = 1,245
VARIABLES n % n % n %
Type of family planning used
None 375 17.2 179 5.6 61 4.9
Modern 1,073 49.4 2,335 73.1 1,034 83.1
Traditional 708 32.6 660 20.7 147 11.8
Missing 18 0.8 19 0.6 3 0.2
Alcohol use before/during pregnancy 587 27.0 984 30.8 430 34.5
PPH in preceding birth 74 3.4 112 3.5 35 2.8
Anemia in preceding birth 36 1.7 53 1.7 15 1.2
Preeclampsia in preceding birth 106 4.9 110 3.4 43 3.5
Referred from
Home 1,945 89.5 2,964 92.8 1,183 95.0
Regional hospital 44 2.0 73 2.3 19 1.5
District hospital 34 1.6 42 1.3 19 1.5
Other 44 2.0 71 2.2 23 1.8
Missing 107 4.9 43 1.3 1 0.1
Delivery mode
Spontaneous 1,442 66.3 1,943 60.9 726 58.3
Assisted 19 0.9 36 1.1 16 1.3
CS 710 32.7 1,208 37.8 502 40.3
Missing 3 0.1 6 0.2 1 0.1
Death of preceding birth 243 11.2 77 2.4 17 1.4
Missing 4 0.2 10 0.3 2 0.2
Parity
2 1,301 59.8 1,765 55.3 550 44.2
3 490 22.5 834 26.1 412 33.1
>3 383 17.6 594 18.6 283 22.7
Antenatal care attendance 2,162 99.6 3,178 99.8 1,241 99.7
Number of ANC visits
<4 864 39.7 1,082 33.9 442 35.5
�4 1,279 58.8 2,083 65.2 794 63.8
Missing 31 1.4 28 0.9 9 0.7
https://doi.org/10.1371/journal.pone.0228330.t002
Table 3. Proportion of women with adverse outcomes by inter-pregnancy interval (N = 7,995).
Total PPH (N = 369) ANAEMIA (N = 80) PRE-ECLAMPSIA
(N = 270)
IPI categories (months) N n % n % n %
24–59 3,890 205 5.3 47 1.2 138 3.5
<24 2,625 100 3.8 26 1.0 77 2.9
>59 1,480 64 4.3 7 0.5 55 3.7
https://doi.org/10.1371/journal.pone.0228330.t003
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standard errors, which gives our study greater strength. Although Conde-Agudelo [6] found
no statistical significance in association of IPI on PPH in their study, the direction of effect of
IPI was in agreement with this study.
Although the results in this study are inconsistent with other studies that precede it, we
have reason to believe that the characteristics of women in this study could have contributed
to and could explain the uncommon results reported in this study. KCMC is a zonal referral
hospital and women delivering here are in the most part, high risk-pregnant women. Being a
referral hospital, the health care workers are hyper vigilant and more equipped to address com-
plications that could arise during pregnancy and child birth. This means that the type of care
offered to high risk-pregnant women could be different from the type of care that these
women could have received in lower level facilities and hence prevent these women from com-
plications such as PPH ad Pre-eclampsia early on. This difference in care could be the reason
why such associations are found to be protective.
The yearly increase in median IPI suggests an improvement during the early years of the
study. This initial increase is likely to be influenced by increase in proportion of women using
modern contraceptive, an almost constant total fertility rate from 1999 to 2005 and an increase
in wanted fertility from 36% in 1999 to 42% in 2005 in Tanzania [31] The plateau from 2006 to
2014 implies changes in contraceptive use patterns. Although there was an increase in the
Table 4. Socio-demographic characteristics of women by adverse maternal outcomes (N = 692).
PPH (n = 369) Anemia (n = 80) Pre-eclampsia(n = 270)
VARIABLES n % n % n %
IPI categories
24–59 205 55.6 47 58.8 138 51.1
<24 100 27.1 26 32.5 77 28.5
>59 64 17.3 7 8.8 55 20.4
Age categories
�19 1 0.3 - - - -
20–34 270 73.2 63 78.8 178 65.9
�35 98 26.6 17 21.3 92 34.1
Education
None 4 1.1 - - 1 0.4
Primary 206 56.1 40 50.0 112 41.5
Secondary and above 157 42.8 40 50.0 157 58.1
Occupation
Employed 273 74.2 49 61.3 217 80.4
Unemployed 95 25.8 31 38.8 53 19.6
Religion
Catholic 144 39.1 29 36.3 82 30.4
Protestant 151 41 36 45 124 45.9
Muslim 72 19.6 15 18.8 64 23.7
Others 1 0.3 - - - -
Marital status
Married 352 96.4 75 94.9 261 97
Single 13 3.6 4 5.1 8 3
Current residence
Rural 142 38.5 29 36.3 69 25.6
Urban 209 56.6 45 56.3 188 69.6
Semi urban 18 4.9 6 7.5 13 4.8
https://doi.org/10.1371/journal.pone.0228330.t004
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Table 5. Health-related characteristics of women by adverse maternal outcomes (N = 692).
PPH (n = 369) Anemia (n = 80) Pre-eclampsia (n = 270)
Variable n % n % n %
Type of family planning used
None 33 9.1 10 12.5 25 9.4
Modern 259 71.2 45 56.3 165 61.8
Traditional 72 19.8 25 31.3 77 28.8
Alcohol use before/during pregnancy 108 29.3 24 30 67 24.8
PPH in preceding birth 22 6 1 1.3 13 4.8
Anemia in preceding birth 9 2.4 6 7.5 5 1.9
Preeclampsia in preceding birth 16 4.3 5 6.3 70 25.9
Referred from
Home 338 91.6 75 94.9 237 90.1
Regional hospital 9 2.4 - - 9 3.4
District hospital 9 2.4 2 2.5 7 2.7
Other 13 3.5 2 2.5 10 3.8
Delivery mode
Spontaneous 50 13.6 39 48.8 115 42.8
Assisted 2 0.5 1 1.3 7 2.6
CS 317 85.9 40 50.0 147 54.6
Death of preceding birth 31 8.4 3 3.8 38 14.1
Parity
2 135 36.6 43 53.8 86 31.9
3 120 32.5 14 17.5 90 33.3
>3 114 30.9 23 28.7 94 34.8
Antenatal care attendance 367 99.5 80 100.0 269 99.6
Number of ANC visits
<4 133 36.0 27 33.8 97 35.9
�4 231 62.6 51 63.8 169 62.6
Missing 5 1.4 2 2.5 4 1.5
https://doi.org/10.1371/journal.pone.0228330.t005
Fig 2. Trend of inter-pregnancy interval over time. The red dotted line shows a demarcation for IPI at 24 and 59 months.
https://doi.org/10.1371/journal.pone.0228330.g002
Inter-pregnancy interval and adverse maternal outcomes
PLOS ONE | https://doi.org/10.1371/journal.pone.0228330 February 6, 2020 9 / 15
Fig 3. Distribution of inter-pregnancy interval by birth order. The red dotted line shows a demarcation for IPI at 24
and 59 months.
https://doi.org/10.1371/journal.pone.0228330.g003
Fig 4. Distribution of inter-pregnancy by age-group. The red dotted line shows a demarcation for IPI at 24 and 59
months.
https://doi.org/10.1371/journal.pone.0228330.g004
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Table 6. Crude association between inter-pregnancy interval and other confounders with adverse maternal outcomes.
PPH (N = 7,360) ANAEMIA (N = 7,995) PRE-ECLAMPSIA (N = 7,995)
VARIABLE cOR P-value cOR P-value cOR P-value
IPI Categories
24–59 1.00 1.00 1.00
<24 0.82 0.12 0.82 0.407 0.82 0.174
>59 0.77 0.081 0.39 0.02 1.05 0.767
Age (yrs)
<20 1.00
20–34 2.49 0.368
>34 2.97 0.284
Mother’s education
No formal education 1.00 1.00
Primary 0.91 0.851 2.11 0.461
Secondary and above 0.76 0.601 3.51 0.214
Mother’s occupation
Employed 1.00 1.00 1.00
Unemployed 1.13 0.302 1.93 0.005 0.73 0.05
Marital status
Married 1.00 1.00 1.00
Single 1.26 0.421 1.78 0.265 1.01 0.969
Mother’s current residence
Rural 1.00 1.00 1.00
Urban 0.71 0.003 0.80 0.36 1.42 0.019
Semi urban 1.02 0.942 1.64 0.275 1.51 0.236
Type of pregnancy
Multiple 1.00 1.00 1.00
Singleton 0.35 <0.001 0.29 0.01 0.46 0.014
Type of family planning used
None 1.00 1.00 1.00
Modern 0.91 0.603 0.55 0.088 0.80 0.323
Traditional 0.78 0.259 0.90 0.785 1.11 0.632
Alcohol use before/during pregnancy
No 1.00 1.00 1.00
Yes 1.05 0.673 1.01 0.96 0.77 0.08
PPH in preceding birth
No 1.00 1.00 1.00
Yes 1.62 0.034 0.34 0.277 1.38 0.269
Anemia in preceding birth
No 1.00 1.00 1.00
Yes 1.64 0.156 5.27 0.001 1.19 0.712
Preeclampsia in preceding birth
No 1.00 1.00 1.00
Yes 1.24 0.409 1.73 0.238 11.50 <0.0001
Referred from
Home 1.00 1.00
Regional hospital 1.59 0.185 1.98 0.052
District hospital 2.03 0.045 2.14 0.055
Other 1.89 0.031 2.09 0.027
Delivery mode
Spontaneous 1.00 1.00 1.00
Assisted 2.47 0.215 1.45 0.7 3.72 0.001
CS 11.98 <0.001 1.73 0.017 2.20 <0.0001
Death of preceding birth
No 1.00 1.00 1.00
(Continued)
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proportion of women using modern contraceptives from 2005 to 2015, the greatest increase
was noted in use of short term contraceptives [21] which are not as effective as long term con-
traceptives in affecting IPI[32]. This could explain the plateau. The rise seen in 2015 could sug-
gest that, trends could be moving towards longer IPI. This could be due to re-launching of
Green Star Campaign, a programmatic change made at the end of 2013 to promote the use of
modern family planning methods, which could have influenced contraceptive use patterns
[22]. The reported trend of median IPI from 2002 to 2015 in this study differs from that
reported in the country [21] and this difference could be due to the fact that a survey reports a
summary measure for all regions, therefore the regional differences are masked.
Conclusion
There are still many women delivering within sub-optimal IPI (51.7%) in KCMC. Most
women who have short IPI are young, less than 20years. This study has found a protective
association between sub-optimal IPI with adverse maternal outcomes. However, these results
Table 6. (Continued)
PPH (N = 7,360) ANAEMIA (N = 7,995) PRE-ECLAMPSIA (N = 7,995)
VARIABLE cOR P-value cOR P-value cOR P-value
Yes 2.16 <0.001 0.78 0.679 3.50 <0.0001
Parity
2 1.00 1.00 1.00
3 1.29 0.047 0.47 0.013 1.54 0.003
>3 1.67 <0.001 1.02 0.923 2.15 <0.0001
Antenatal care attendance
No 1.00
Yes 1.14 0.896
Number of ANC visits
<4 1.00 1.00 1.00
�4 1.08 0.505 1.13 0.603 1.04 0.784
cOR = Crude Odds Ratio
https://doi.org/10.1371/journal.pone.0228330.t006
Table 7. Crude and adjusted association between inter-pregnancy interval and adverse maternal outcomes.
Inter-pregnancy interval categories (months)
<24 24–59 (Ref.) 60+
Outcome OR (95%CI) P-value OR (95%CI) P-value
Pre-eclampsia (N = 7995) 0.82 (0.62, 1.09) 0.174 1.00 1.05 (0.76, 1.44) 0.767
Pre-eclampsiaa (N = 7749) 0.71 (0.52, 0.97) 0.032
�
1.00 0.92 (0.65, 1.27) 0.603
PPH (N = 7360) 0.82 (0.65, 1.05) 0.120 1.00 0.77 (0.58, 1.03) 0.081
PPHa (N = 7304)) 0.88 (0.68, 1.13) 0.311 1.00 0.70 (0.52, 0.94) 0.019
�
Anemia (N = 7995) 0.82 (0.51, 1.31) 0.407 1.00 0.39 (0.18, 0.86) 0.020
Anemiaa (N = 7906) 0.72 (0.45, 1.17) 0.184 1.00 0.45 (0.20, 1.03) 0.059
aadjusted for: age, mother’s occupation, religion, current residence, alcohol use, pre-eclampsia in previous pregnancy, PPH in previous pregnancy, anemia in previous
pregnancy, delivery mode, perinatal death of previous child at birth, parity, number of ANC visits, ANC attendance, type of family planning used, pregnancy type and
referral status.
�
Significant p-value
https://doi.org/10.1371/journal.pone.0228330.t007
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do not nullify the previous literature as they could be biased by the demographics of these
women as well as the tertiary care they are receiving
Acknowledgments
We would like to extend our sincere gratitude to Medical Birth Registry staff and staff at the
Department of Obstetrics and Gynecology at Kilimanjaro Christian Medical Centre for work-
ing tirelessly in collecting and updating the data for the registry and the KCMC management
for allowing the use of Birth Registry data for this manuscript. We also thank the Norwegian
government for supporting the establishment of the KCMC Medical Birth Registry. Also to the
entire Institute of Public Health at Kilimanjaro Christian Medical University College for their
valuable inputs and encouragement, and our colleagues Fredrick Sigalla, Ummi Abdul,
Emmanuel Mtui, Nathaniel Kalengo and Ephrasia Hugho for their advice and moral support.
Author Contributions
Conceptualization: Leah Anku Sanga, Michael Johnson Mahande.
Data curation: Leah Anku Sanga.
Formal analysis: Leah Anku Sanga.
Methodology: Leah Anku Sanga, Michael Johnson Mahande.
Project administration: Michael Johnson Mahande.
Supervision: Tara Mtuy, Rune Nathaniel Philemon, Michael Johnson Mahande.
Visualization: Leah Anku Sanga, Tara Mtuy, Rune Nathaniel Philemon, Michael Johnson
Mahande.
Writing – original draft: Leah Anku Sanga.
Writing – review & editing: Leah Anku Sanga, Tara Mtuy, Rune Nathaniel Philemon, Michael
Johnson Mahande.
References
1. WHO. Report of a WHO Technical Consultation on Birth Spacing [Internet]. Geneva, Switzerland;
2007. Available from: http://apps.who.int/iris/bitstream/10665/69855/1/WHO_RHR_07.1_eng.pdf%
0Ahttp://www.who.int/maternal_child_adolescent/documents/birth_spacing.pdf
2. Norton M. New evidence on birth spacing: promising findings for improving newborn, infant, child, and
maternal health. Int J Gynecol Obstet [Internet]. 2005 Apr 1 [cited 2018 May 18]; 89:S1–6. Available
from: http://doi.wiley.com/10.1016/j.ijgo.2004.12.012
3. Wendt A, Gibbs CM, Peters S, Hogue CJ. Impact of increasing inter-pregnancy interval on maternal
and infant health. Paediatr Perinat Epidemiol. 2012; 26(SUPPL. 1):239–58.
4. Defranco EA, Seske LM, Greenberg JM, Muglia LJ. Influence of interpregnancy interval on neonatal
morbidity. Am J Obstet Gynecol. 2015; 212(3):386.e1–386.e9.
5. Rutstein SO. TRENDS IN BIRTH SPACING [Internet]. DHS Comparative Reports. Calverton, Mary-
land, USA; 2011 [cited 2018 Jul 4]. Available from: https://dhsprogram.com/pubs/pdf/CR28/CR28.pdf
6. Conde-Agudelo A. Maternal morbidity and mortality associated with interpregnancy interval: cross sec-
tional study. BMJ [Internet]. 2000; 321(7271):1255–9. Available from: http://www.bmj.com/cgi/doi/10.
1136/bmj.321.7271.1255 PMID: 11082085
7. Lilungulu A, Matovelo D, Kihunrwa A, Gumodoka B. Spectrum of maternal and perinatal outcomes
among parturient women with preceding short inter-pregnancy interval at Bugando Medical Centre,
Tanzania. Matern Heal Neonatol Perinatol [Internet]. 2015; 1(1):1. Available from: http://mhnpjournal.
biomedcentral.com/articles/10.1186/s40748-014-0002-1
Inter-pregnancy interval and adverse maternal outcomes
PLOS ONE | https://doi.org/10.1371/journal.pone.0228330 February 6, 2020 13 / 15
8. Seham FA., Ali Abd El Hamid A, Fathy Heiba M, Mohamed Elalem O. Effect of Interpregnancy Interval
on Pregnancy Outcome Among Pregnant Women Attending Delivery At Belqas hospital. IOSR J Nurs
Heal Sci [Internet]. 2015; 4(4):2320–1940. Available from: www.iosrjournals.org
9. Habimana-Kabano I, Broekhuis A, Hooimeijer P. Inter-Pregnancy Intervals and Maternal Morbidity:
New Evidence from Rwanda. Afr J Reprod Health. 2015; 19(3):77–86. PMID: 26897916
10. Hanley GE, Hutcheon JA, Kinniburgh BA, Lee L. Interpregnancy interval and adverse pregnancy out-
comes an analysis of successive pregnancies. Obstet Gynecol. 2017; 129(3):408–15. https://doi.org/
10.1097/AOG.0000000000001891 PMID: 28178044
11. USAID. STRENGTHENING FAMILY PLANNING POLICIES AND PROGRAMS IN DEVELOPING
COUNTRIES: AN ADVOCACY TOOLKIT USAID [Internet]. Washington, DC; 2005 [cited 2018 May
15]. Available from: http://www.policyproject.com/pubs/manuals/FamilyPlanningToolkitfinal.pdf
12. Conde-Agudelo A, Rosas-Bermudez A, Castaño F, Norton MH. Effects of Birth Spacing on Maternal,
Perinatal, Infant, and Child Health: A Systematic Review of Causal Mechanisms. 2012 [cited 2018 Mar
7]; 43(2). Available from: https://www.k4health.org/sites/default/files/conde-agudelo_2012.pdf
13. Say L, Chou D, Gemmill A, Tunc¸alp O¨ , Moller AB, Daniels J, et al. Global causes of maternal death: A
WHO systematic analysis. Lancet Glob Heal. 2014; 2(6):323–33.
14. WHO. Maternal mortality [Internet]. World Health Organization; 2016 [cited 2018 Mar 17]. Available
from: http://www.who.int/news-room/fact-sheets/detail/maternal-mortality
15. UN. THE GLOBAL STRATEGY FOR WOMEN’S, CHILDREN’S AND ADOLESCENTS’ HEALTH
(2016–2030) [Internet]. New York, USA; 2015 [cited 2018 Mar 7]. Available from: http://globalstrategy.
everywomaneverychild.org/pdf/EWEC_globalstrategyreport_200915_FINAL_WEB.pdf
16. WHO, UNICEF, UNFPA, World Bank, United Nations. TRENDS IN MATERNAL MORTALITY: 2000
TO 2017. 2019.
17. WHO. Trends in Maternal Mortality: 1990 to 2008. 2008; Available from: http://whqlibdoc.who.int/
publications/2010/9789241500265_eng.pdf
18. WHO. Maternal mortality Fact Sheet. 2016;
19. MoHSW. The National Road Map Strategic Plan To Accelerate Reduction of Maternal, Newborn and
Child Deaths in Tanzania. 2008;(April):1–102.
20. MoHSW. The National Road Map Strategic Plan to Improve Reproductive, Maternal, Newborn, Child &
Adolescent Health. Dar es Salaam, Tanzania; 2015.
21. MoHCDGEC. Tanzania Demographic and Health Survey and Malaria Indicator Survey (TDHS-MIS)
2015–16 [Internet]. Vol. MoHCDGEC, Dar es Salaam, Tanzania, and Rockville, Maryland USA. Dar es
Salaam, Tanzania and Rockville, Maryland,USA; 2016. Available from: https://www.dhsprogram.com/
pubs/pdf/FR321/FR321.pdf
22. MoHSW. National Family Planning Costed Implementation Program [Internet]. Dar es Salaam, Tanza-
nia; 2010 [cited 2018 Jul 20]. Available from: https://www.fhi360.org/sites/default/files/media/
documents/national-fp-costed-implementation-plan-tanzania-main-text.pdf
23. Pile JM, Simbakalia C. Repositioning Family Planning-Tanzania Case Study: A Successful Program
Loses Momentum [Internet]. New York; 2006 [cited 2018 Jul 20]. Available from: www.acquireproject.
org
24. Afnan-Holmes H, Magoma M, John T, Levira F, Msemo G, Armstrong CE, et al. Tanzania’s Countdown
to 2015: an analysis of two decades of progress and gaps for reproductive, maternal, newborn, and
child health, to inform priorities for post-2015. Lancet Glob Heal [Internet]. 2015 [cited 2018 Mar 7]; 3:
e396–409. Available from: http://www.thelancet.com/pdfs/journals/langlo/PIIS2214-109X(15)00059-5.
pdf
25. de Jonge HCC, Azad K, Seward N, Kuddus A, Shaha S, Beard J, et al. Determinants and conse-
quences of short birth interval in rural Bangladesh: a cross-sectional study. BMC Pregnancy Childbirth
[Internet]. 2014 Dec 24 [cited 2018 Mar 10]; 14:427. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/25539669 https://doi.org/10.1186/s12884-014-0427-6 PMID: 25539669
26. WHO. WHO | SDG 3: Ensure healthy lives and promote wellbeing for all at all ages [Internet]. World
Health Organization; 2017 [cited 2018 Jun 29]. Available from: http://www.who.int/sdg/targets/en/
27. NBS, ICF Macro. Tanzania Demographic and Health Survey 2010 [Internet]. Dar es Salaam, Tanzania;
2011. Available from: https://dhsprogram.com/pubs/pdf/FR243/FR243%5B24June2011%5D.pdf
28. Exavery A, Mrema S, Shamte A, Bietsch K, Mosha D, Mbaruku G, et al. Levels and correlates of non-
adherence to WHO recommended inter-birth intervals in Rufiji, Tanzania. BMC Pregnancy Childbirth
[Internet]. 2012; 12:1–8. Available from: http://www.biomedcentral.com/1471-2393/12/152 https://doi.
org/10.1186/1471-2393-12-1
29. Begna Z, Assegid S, Kassahun W, Gerbaba M. Determinants of inter birth interval among married
women living in rural pastoral communities of southern Ethiopia: a case control study. BMC Pregnancy
Inter-pregnancy interval and adverse maternal outcomes
PLOS ONE | https://doi.org/10.1371/journal.pone.0228330 February 6, 2020 14 / 15
Childbirth [Internet]. 2013 Dec 20 [cited 2018 Mar 11]; 13(116). Available from: http://bmcpregnancy
childbirth.biomedcentral.com/articles/10.1186/1471-2393-13-116
30. Illah E, Mbaruku G, Masanja H, Kahn K. Causes and risk factors for maternal mortality in rural Tanzania
—case of Rufiji Health and Demographic Surveillance Site (HDSS). Afr J Reprod Health [Internet].
2013; 17(3):119–30. Available from: https://www.researchgate.net/publication/257133413_Causes_
and_risk_factors_for_maternal_mortality_in_rural_Tanzania—case_of_Rufiji_Health_and_
Demographic_Surveillance_Site_HDSS PMID: 24069774
31. NBS, ORC Macro. Tanzania Demographic and Health Survey 2004–05. Dar es Salaam, Tanzania;
2005.
32. Dutta DC. Textbook of Obstetrics including Perinatology and Contraception. Eighth. Konar H, editor.
New Delhi: Jaypee Brothers Medical Publishers (P) Ltd; 2015.
Inter-pregnancy interval and adverse maternal outcomes
PLOS ONE | https://doi.org/10.1371/journal.pone.0228330 February 6, 2020 15 / 15
